Intersecting pairs of simultaneously active faults with opposing slip sense present geometrical and kinematic problems. Such faults rarely offset each other but usually merge into a single fault, even when they have displacements of many kilometers. The space problems involved are solved by lengthening the merged fault (zippering up the conjugate faults) or splitting it (unzippering). This process can operate in thrust, normal, and strike-slip fault settings. Examples of conjugate pairs of large-scale strike-slip faults that may have zippered up include the Garlock and San Andreas faults in California (USA), the North and East Anatolian faults (Turkey), the Karakoram and Altyn Tagh faults (Tibet), and the Tonale and Giudicarie faults (southern Alps). Intersecting conjugate ductile shear zones behave in the same way on outcrop and micro-scales. Zippering may produce complex and significant patterns of strain and rotation in the surrounding rocks, depending on the angle between the faults and the relative strength of the blocks they bound. A zippered fault will have a slip rate equal to the vector sum of the slip rates on the merging faults, unless that displacement is transferred into or out of the system by distributed strain in the surrounding rocks.
INTRODUCTION
Intersecting pairs or sets of simultaneously active faults or shear zones are common on all scales and in all tectonic settings, and the mechanics of their formation and the nature of their interactions have been discussed by numerous workers (e.g., Lamouroux et al., 1991; Froitzheim et al., 2006; Schwarz and Kilfitt, 2008; Carreras et al., 2010; Yin and Taylor, 2011) . Nevertheless, their kinematic evolution poses a significant problem. If faults of one set offset faults of the other, the offset faults are likely to be deactivated. If the faults terminate without offsetting one another, displacement is limited by the requirement that it be converted into a more distributed form of deformation (e.g., Kelly et al., 1998; Watterson et al., 1998) . If the faults merge, a combination of strain and rotation is required in the area of the intersection to accommodate the difference in displacement vector. A wide variety of possible configurations for merging faults or shear zones is possible (Fig. 1, top) (Passchier and Platt, 2016) . The most interesting case is where two faults with opposite senses of slip merge, zippering up to form a single fault (Fig. 1, bottom) . We refer to the two faults in this situation as conjugate faults, without any dynamic or mechanical implications. The configuration shown in Figure 1 does not entirely resolve the problems noted above, but it does remove the apparent limitations on the amount of slip. Pure zipper junctions produce an inactive, fossil branch (Fig. 1B) , while shear zipper junctions have slip on the merged segment (Fig. 1C) .
Fault zippering and unzippering has already been described in various contexts. One example is the so-called blind front developed in some thrust belts, where a backthrust branches off from a décollement surface at depth (Vann et al., 1986) . The décollement progressively unzippers so that its hanging wall becomes the hanging wall of the backthrust and its footwall becomes the footwall of the active décollement. The opposite situation may arise in extensional settings, where conjugate low-angle normal faults merge to form a single detachment; in this case the two faults zipper up (Mohn et al., 2012; Fossen et al., 2014 ). This situation was described by Froitzheim et al. (2006) , who referred to the merged fault as an extraction fault. Zippering of transform faults in a forearc setting has also been proposed by Authemayou et al. (2011) . Here we focus on examples of pairs of active or recently active large-scale intracontinental strike-slip faults that we suggest have zippered up over significant distances. All of these examples occur in complex tectonic settings; the rate and amount of slip, the geometric evolution, and the mechanics are not fully known and are controversial. Our purpose is not to resolve all of these issues, but to point out the implications of the zippering process, which may help solve the underlying paradox presented by these fault systems in both active and ancient settings.
THE SAN ANDREAS-GARLOCK FAULT INTERSECTION
The right-slip San Andreas fault (SAF) and the left-slip Garlock fault (GF) meet on the northern side of the Transverse Ranges in southern California (USA; Fig. 2 ). Both faults are active; the SAF is generally regarded as the transform boundary between the Pacific and North America plates (Atwater, 1970) , with a current slip rate of ~25 mm/yr in central California (e.g., Platt and Becker, 2010) and an accumulated slip of ~315 km since the middle Miocene (Crowell, 1979; Dickinson and Wernicke, 1997) . The GF is reported to have a total slip of ~64 km (Davis and Burchfiel, 1973; Monastero et al., 1997) , but both the amount and rate of slip change along its length (e.g., Platt and Becker, 2013) . Meade and Hager (2005) estimated the slip rate on the western GF from geodetic data at 3.2 ± 1.5 *E-mail: jplatt@usc.edu mm/yr, so we have assumed 235 km of right slip on the SAF and 33 km of left slip on the western part of the GF over the past 11 m.y.
In Figure 2 , we suggest that the westernmost 33 km of the GF has been zippered onto the SAF over the past 11 m.y., so that the system as a whole can be described as a dextral closing zipper (Fig. 1 ). This implies that over a distance of 33 km northwest of the intersection, the northeast side of the SAF formed as the northern side of the GF. Rocks immediately northeast of this section of the SAF originally lay north of the GF. This clearly has implications for determination of slip on the two faults from offset markers. The rocks on the north side of the fault should also have experienced significant strain and clockwise vertical-axis rotation during this process. This is a region of very complex geology (Saleeby et al., 2007) , and there is some paleomagnetic evidence for clockwise rotations (McWilliams and Li, 1985) . Relative to the Mojave block, the Sierra-Great Valley block and the SAF have been displaced 33 km west; this displacement is taken up by shortening along the eastern margin of the California Coast Ranges (Kreemer and Hammond, 2007) .
The North and East Anatolian fault systems in Turkey present a closely comparable geometry, and we suggest that these two faults merged in the same way to form a single dextrally oblique fault (Dewey et al., 1986) extending east from the triple junction (Passchier and Platt, 2016) .
THE ALTYN TAGH-KARAKORAM FAULT INTERSECTION
The left-slip Altyn Tagh fault (ATF) and the right-slip Karakoram fault (KF) in Tibet are two of the most important strike-slip faults in the IndiaAsia collision zone, and they appear to merge within a zone of complex geology in the eastern Pamir (Fig. 3) . The amount and rate of slip on these faults have generated enormous controversy (e.g., Yin et al., 2002; Zhang et al., 2007; Searle et al., 2011) . Recent estimates are converging on 470 ± 70 km total slip on the ATF since 49 Ma (Cowgill et al., 2003) and ~10 mm/yr slip-rate (Gold et al., 2011; He et al., 2013) ; displacement estimates for the KF are ~250 km or less, with slip rates in the range of 3-10 mm/yr (e.g., Jade et al., 2004; Phillips et al., 2004; Valli et al., 2008; Robinson, 2009; Boutonnet et al., 2013) . We have somewhat arbitrarily chosen 150 km slip for the ATF and 120 km for the KF over the last 15 m.y.
The ATF splits into several separate strands toward its western termination, only one of which (the Karakax fault) is shown in Figure 3 . This is likely to be the most important, but the distribution of slip on the different faults is uncertain (see Li et al., 2012, for discussion) . All of these faults terminate in a zone of thrusting and local extensional tectonics along the eastern margin of the Pamirs (Yin et al., 2002; Robinson et al., 2007; Chevalier et al., 2011) . The overall magnitude of the displacements requires that the tectonic boundary between points a and b (Fig. 3) , which links the ATF (Karakax) and KF with the Pamir thrust belt, formed by zippering of a former western continuation of the ATF with a former northern continuation of the KF. If our displacement estimates are correct, this is a sinistral closing zipper. Much of the crust in this region was subducted or substantially shortened and thickened during this process, forming the eastern part of the Pamir thrust belt (Yin et al., 2002; Cowgill, 2010) . This deformation took place largely within the Eurasian plate, so that the zippered section of the fault is still strike slip.
THE PERIADRIATIC FAULT SYSTEM
The Periadriatic fault system comprises a set of predominantly strikeslip faults that formed the northern margin of the indenting Adria microplate during the later stages of collisional orogeny in the European Alps (Schmid and Kissling, 2000) . A major challenge to understanding how the system worked is presented by the left-slip Giudicarie fault, which appears to offset the right-slip Tonale from the Pustertal fault (Fig. 4) , but which cannot be traced north of the Pustertal fault. Estimates for displacement on the right-slip part of the system (Tonale-Pustertal) vary from 30 km to several hundred kilometers; those for the Giudicarie fault range from <20 km to ~70 km. There are two schools of thought on the nature of the interaction. One school thinks the Giudicarie fault largely or wholly predates the Tonale-Pustertal fault, limiting slip on the latter to ~30 km (Müller et al., 2001; Viola et al., 2001) , which was taken up by dextral transpression on the northern Giudicarie fault between its intersections with the Tonale and Pustertal faults. The other school thinks the Giudicarie fault moved relatively late (early Miocene), offsetting and deactivating the dextral system, and that right slip on the Tonale-Pustertal fault prior to this may have amounted to ~100 km (Lacassin, 1989; Schmid and Kissling, 2000; Handy et al., 2005) .
Zippering of the left-and right-slip parts of the system along the North Giudicarie fault may help resolve these paradoxical relationships. The South Giudicarie fault, extending south-southwest from the triple junction, was active during the Miocene in a sinistral sense, transferring displacement into the Lombardy thrust belt, which lies beneath the Po Basin south of the Orobic Alps (Prosser, 1998) . We suggest that the North Giudicarie fault, extending from the triple junction (red dot, a, in Fig. 4 ) north to point b, formed by zippering the east side of the South Giudicarie fault against a section of right-slip fault that linked the present Tonale and Pustertal faults. This fault section was progressively deflected anticlockwise into a northeast trend, and hence became dextrally transpressive, with a northwest dip. To the northwest, this fault section is marked by dextrally transpressive mylonites of late Oligocene age , and to the southeast it is bounded by north-south-trending sinistral faults derived from the South Giudicarie fault (Prosser, 1998) . This juxtaposition of opposing shear-sense indicators is characteristic of zippered faults. Our reconstruction assumes 120 km of right slip on the Tonale-Pustertal part of the system and 40 km left slip on the Giudicarie fault since 35 Ma. Much of the coeval deformation accommodating these motions took place within the Central Alps, so that the faults are still predominantly strike slip.
AN OUTCROP-SCALE EXAMPLE
We describe here an outcrop-scale example of two shear zones in the process of zippering up to form an extraction fault, as evidence that this process can occur on the small scale and to document the pattern of displacements. Cap de Creus in northeast Spain is a region of late Paleozoic deformation that contains numerous dextral and sinistral shear zones that were active at the same time (Carreras et al., 2004 (Carreras et al., , 2010 . In several places, shear zones with opposite senses merge by zippering up (Passchier and Platt, 2016) , one of which is shown in Figure 5 . The shear zones do not overprint or cross each other, and they have identical internal structures and metamorphic grade, suggesting that they formed at the same time. Slip directions are parallel to the outcrop surface, and the displacements are shown by the offset pegmatite dikes. Total displacements on the shear zones are 19.9 m (dextral) and 20.4 m (sinistral); the net offset across the merged shear zones is the vector sum, producing an extraction fault with ~0.5 m sinistral displacement. The shear zones are nearly parallel, which is a requirement of the process by which they merge and is in part a result of a significant component of ductile shortening normal to the shear zones. Note that this outcrop was interpreted in terms of folding in a zone of overall dextral shear by Llorens et al. (2013) .
CONCLUSIONS
• Fault zippering provides a kinematic solution to the problem of intersect ing conjugate faults and can occur on any scale, from the microscale to the plate tectonic scale.
• Zippering juxtaposes rocks with opposing shear-sense indicators, derived from regions not originally connected by a single fault, which can lead to apparently paradoxical field relations.
• The concept of zippering may help solve some long-standing and intractable problems concerning the timing and amount of displacement on faults.
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